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We constructed a DNA fragment map of low-passage Towne strain cytomegalovirus by analyzing cross-blot
hybridization and hybridizations of isolated recombinant clones. The abundant late transcripts were located on
this map by hybridization of labeled total RNA of virus-infected cells to blotted DNA fragments. The most
abundant late transcript, carried by the 11.7-kilobase EcoRI fragment (EcoRI-G), was precisely mapped. The
EcoRI fragment was fragmented and subcloned in a plasmid carrying simian virus 40 sequences (pSV-OH,
constructed by Chi-Bom Chae, Department of Biochemistry, University of North Carolina, Chapel Hill). One
resulting recombinant plasmid, pHD713SV2, was transferred to simian virus 40-transformed monkey kidney
cells (COS-1) by DNA transfection. Synthesis of a cytomegalovirus-specific 67-kilodalton protein was detected
in these cells by reaction of blotted proteins with virus-specific monoclonal antibody. The 67-kilodalton protein
is a major phosphorylated protein found in virions; it is not glycosylated. The location of the gene for this 67-
kilodalton protein is therefore assigned to the center of the L-unique region of human cytomegalovirus, at 0.37
to 0.39 map units.
Human cytomegalovirus (HCMV) is a herpesvirus associ-
ated with clinical manifestations ranging from asymptomatic
infection to congenital abnormality, mental retardation, in-
trauterine death, or, in organ transplant patients, interstitial
pneumonia. This virus can infect at multiple sites, and its
antigenic diversity allows superinfection of seropositive indi-
viduals (9). Recently, it has been suggested that this virus
has oncogenic potential comparable with those of other
herpesviruses. Cytomegalovirus (CMV) was capable of stim-
ulating cellular macromolecular synthesis (19) and trans-
forming mammalian cells in vitro (14).
Physical maps of the double-stranded DNA genome of
some laboratory strains have been constructed (3, 18; R. L.
LaFemina and G. S. Hayward, personal communication). In
addition, recombinant DNA clones of these strains are
available; this development will allow workers to define
functional genes and compare specific portions of the
genome from 'different strains to study gene function and
expression. We have isolated recombinant DNA clones of
CMV restriction fragments derived from Towne strain,
passage 36, and constructed the DNA fragment map shown
in Fig. 1. The restriction enzyme sites are not identical to
those mapped by LaFemina and Hayward (Lafemina and
Hayward, personal communication) for a high-passage
Towne strain.
In this communication, we describe our study of abundant
late transcripts. One of the most abundant late transcripts
has been mapped to a small restriction fragment, and we
have determined that this gene codes for one of the most
abundant proteins in infected cells at the late stage of
infection.
MATERIALS AND METHODS
Virus and viral DNA. HCMV Towne strain, passage 36,
was used for all experiments. Virus was grown in WI-38
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human fibroblasts, and virus DNA was isolated as previous-
ly described (8).
Enzymatic fragmentation of virus DNA and gel electropho-
resis. Restriction enzymes were purchased from Bethesda
Research Laboratories (BRL), and digestions were per-
formed as recommended by the supplier. Agarose gels were
run as previously described (17).
Transfer of DNA restriction fragments in gels to nitrocellu-
lose. DNA was transferred to nitrocellulose paper by the
procedure by Southern (17). Gels were soaked on 0.5 N HCI
solution for 15 min and then were transferred to a solution
containing 0.5 M NaOH and 1 M NaCl for 15 min to denature
the DNA. Finally, gels were neutralized by soaking for two
15-min periods in a buffer solution containing 1 M Tris
hydrochloride (pH 7.4) and 1.5 M NaCl. The DNA was
transferred by blotting a transfer solution of 6x SSC (lx
SSC is 0.15 M NaCl plus 0.015 M sodium citrate) through the
gels, nitrocellulose paper, and absorbent paper.
Nick-translation of DNA. DNA was labeled for hybridiza-
tion probe by incorporation of [a-32P]deoxyadenosine mono-
phosphate. Each nick-translation mixture contained 0.5 ,ug
ofDNA, 25 ,uCi of [a32P]-dATP (ICN Biomedicals, Inc.), 0.1
mM dCTP, 0.1 mM dGTP, 0.1 mM TTP, 100 mM Tris
hydrochloride (pH 7.5), 20 mM NaCl, 5 mM P-mercaptoeth-
anol, 5 mM MgCl2, 2 U of Poll (BRL) and 0.01 ,ug of DNase
(Worthington Biochemicals Corp.) per ml. After 1 h at 12°C,
reaction mixtures were applied to Sephadex G-100 columns
eluted with 10 mM Tris hydrochloride buffer (pH 8) contain-
ing 1 mM EDTA, and the excluded peak was pooled.
Nucleic acid hybridizations. Hybridizations were done
either in 6x SSC-0.1% sodium dodecyl sulfate (SDS-1Ix
Denhardt solution at 65°C for 20 h or in the same solution
containing 10% dextran sulfate and 35% formamide at 45°C
for 20 h. Probe DNA was denatured by boiling along with
competing nucleotides, including (per milliliter) 10 ,ug of
polyadenylic acid, 50 ,ug of calf thymus DNA, 50 ,ug of
salmon testis DNA, and 50 p.g of yeast RNA; in hybridiza-
tions in which bacterial DNA was adhered to filters, 10 p.g of
E. coli DNA per ml was added as a competitor. Concentra-
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tions of competing nucleotides are expressed as final
amounts in the hybridization solutions. All filters were
washed after hybridization, first at room temperature for 5
min in 2x SSC, and then three times at 55°C for 20 min in
O.lx SSC with 0.1% SDS. X-ray exposures of hybridized
filters were sometimes enhanced by a Cronex Lightning-Plus
intensifying screen and exposure at -70°C.
Cloning of DNA fragments of HCMV. A collection of
recombinant plasmids carrying HCMV DNA was generated
by enzymatic recombinations of EcoRI-digested DNA of
HCMV Towne strain, passage 36, and EcoRI-digested





0.5 jig of pBR322 plasmid DNA, 1 jig of fragmented HCMV
DNA, 50 mM Tris hydrochloride (pH 7.5), 10 mM NaCl, 10
mM dithiothreitol, 50 jig of bovine serum albumin per ml, 0.1
mM ATP, 25 mM MgCl2, and 1 U of T4 ligase (BRL). After
incubation at 110C overnight, the mixture was used to
transform E. coli LE392 to ampicillin resistance. Bacterial
colonies were tested for hybridization to HCMV DNA by
the procedure described by Grunstein and Hogness (6).
Some fragments eluted from gels by a procedure described
by Maxam and Gilbert (12) were recombined similarly.
Subclones of EcoRI recombinant plasmids were generated
by redigestion of the pBR322 recombinant plasmids and
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FIG. 1. Map of the recognition sites for EcoRI endonuclease on the DNA of CMV Towne strain, passage 36. (A) Fractional length of the
DNA molecule. (B) Recognition sites for EcoRI endonuclease. A, Sites which differ between this map and the sites determined by LaFemina
and Hayward (Lafemina and Hayward, personal communication), and A, DNA fragments which encode abundant late transcripts. (C) X-ray
exposure of end-labeled fragments of A DNA (a) and HCMV DNA (b) digested with EcoRI endonuclease. (D) Molecular length in kilobases of
each EcoRI fragment and the designation of the recombinant plasmid carrying the fragment. Plasmid pHD101 is a pBR322 recombinant
carrying HindIII-A of HCMV. Fragments which do not appear on this map are derived from the L-S junction (fragments P and Q) or appear to
hybridize with fragments X and Z on cross-blot hybridization (fragment Y and fragments smaller than 1.5 kb) but do not occur in plasmid
pHD101.
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RNA isolation. Cells were lysed with 7 M guanidine
hydrochloride and Sarkosyl and then layered over 6 M CsCl
solution and centrifuged to separate RNA and DNA, as
described by Seeburg et al. (16). RNA was extracted from
the pellets.
RNA gel electrophoresis. RNA was separated on 0.8%
agarose gels containing 6% formaldehyde and 20 mM mor-
pholinepropanesulfonic acid-acetic acid buffer at pH 7 and 1
mM EDTA. After electrophoresis, RNA was blotted onto
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FIG. 2. Derivation of plasmids pHD713SV1 and pHD713SV2.
(A) Plasmid pSV-OH was generated by recombination of pBR322
( ~)and SV40( IZZ) DNAs. The direction of ori is the same as
the early promoter of SV40. (B) Fragments resulting from BgIII
digestion of plasmid pHD7 were recombined with M13mp7 replica-
tive form DNA digested with BamHI. The EcoRI sites are 10 bp
from the BamHI sites of the bacteriophage DNA.= l, HCMV
DNA. (C) The 2.9-kb fragment resulting from EcoRI digestion of
M13-713 DNA was recombined with EcoRI-digested pSV-OH
DNA. Recombinant plasmids were digested with Hinfl to determine
the orientation of the inserted CMV DNA (data not shown). Enzyme
sites indicated are: R, EcoRI; D, HindIlI; K, KpnI; and H, Hinfl.
enzymatic recombination with other vector DNAs (see the
legend to Fig. 2 for detailed description of subclones).
The plasmid pSV-OH was isolated by C.-B. Chae of the
Department of Biochemistry at the University of North
Carolina at Chapel Hill (unpublished data). The plasmid was
generated by enzymatic recombination of HindlIl-digested
simian virus 40 (SV40) DNA and HindIll-digested pBR322
DNA. A deletion between the AvaI site at 1,424 base pairs
(bp) and the Pvull site at 2,065 bp on pBR322 was also
introduced to generate a 4.8-kilobase (kb) vector, including
SV40 sequences between the HindlIl site at 5,107 bp of
SV40 and the origin of SV40 DNA replication and between
the KpnI site at 230 bp and the HindIII site at 982 bp (C.-B.
Chae, personal communication). A diagram of the plasmid is
included in Fig. 2, indicating the direction of the SV40
sequences and the Hinfl sites of pBR322 which were used to
orient the CMV sequences in the recombinants pHD713SV1
and pHD713SV2.
Other recombinants were generated by enzymatic recom-
bination of HindIII, BamHI, or BglII-digested HCMV DNA
and plasmid pBR322 DNA or replicative form DNA of
bacteriophage M13mp7.
FIG. 3. Hybridization of 32P-labeled RNA isolated from cells
infected with HCMV with nitrocellulose filters carrying HCMV
DNA. Cells were labeled with [32P]orthophosphate 60 h after
infection, and RNA was isolated as described in the text. Nitrocellu-
lose strips containing EcoRI fragments (lanes a and d), XbaI
fragments (lanes b and e), and HindIll fragments (lanes c and f) were
hybridized with nick-translated HCMV DNA (lanes a to c) or 32p
labeled RNA (lanes d to f). The fragments indicated are EcoRI-G,
M, and LT (lanes a and d), Xba-B and LT (lanes b and e), and
HindIII-C and LT (lanes c and f). The major fragments correspond to
the map location in the L-unique region indicated in Fig. 1, and the
LT fragments and EcoRI-M correspond to the terminal and junction
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TABLE 1. Hybridization of RNA versus plasmid DNA
immobilized on filters'








a 2 ,ug of plasmid DNA was immobilized on nitrocellulose filters, and these
were hybridized with 3.4 x 107 cpm of RNA isolated from WI-38 cells 60 h
after infection with HCMV. Duplicate samples were averaged, and the
background radioactivity from filters carrying pBR322 DNA (168 cpm) was
subtracted from each sample.
nitrocellulose in the same manner as described for DNA,
with lOx SSC as a transfer solution.
Transfer of DNA to cells in tissue culture. Cells grown in 5-
cm plastic wells were treated with CMV DNA by the
technique described by Graham and Van der Eb (5) as
modified by Stowe and Wilkie (20). The DNA-calcium
phosphate precipitates containing S ,ug of plasmid DNA and
10 ,ug of calf thymus DNA were added to subconfluent cell
monolayers, and the treated cells were incubated at 36°C in a
CO2 incubator with occasional agitation for 40 min. Ten
milliliters of minimal essential medium (MEM) containing
10% fetal calf serum was added, and after 4 h the medium
was replaced with 2 ml of 15% dimethyl sulfoxide in MEM.
After 4 min at room temperature, dimethyl sulfoxide was
removed, and the cells were washed with MEM. Finally, 10









FIG. 4. Hybridization of 32P-labeled DNA with RNA immobi-
lized on filters. RNA was separated on agarose-formaldehyde gels,
blotted onto nitrocellulose filters, and hybridized with nick-translat-
ed DNA. RNA was isolated from uninfected cells (lanes a, e, and i),
cells infected with HCMV 60 h previously (lanes b, f, and j), cells
infected with HCMV and treated with phosphonoacetic acid (100
p.g/ml) for 10 h (lanes c, g, and k), and cells infected with HCMV and
treated with cycloheximide (50 p.g/ml) for 4 h (lanes d, h, and 1).
Nick-translated DNA probes are: rDNA, plasmid pSF2124 carrying
DNA from the sea urchin Arbacia punctulata specific for 18S RNA
(M. Davis, unpublished results); HCMV, total virus DNA; pHD7,
plasmid pBR322 carrying EcoRI-G of HCMV. The molecular
weights indicated were estimated from the size of 18S RNA (1.869
kb) and other gels in which pBR322 DNA fragments were applied to
the gels.
ml of MEM containing 10% fetal calf serum was added, and
the cells were incubated for 24 h and then harvested.
Detection of HCMV-specific antigens. Proteins from the
treated cells were analyzed by SDS-polyacrylamide gel
electrophoresis by the method of Laemmli (10), as previous-
ly described (11). Proteins were electroblotted onto nitrocel-
lulose sheets, as described by Towbin et al. (21). The
identification of HCMV-specific antigens was accomplished
by exposing the nitrocellulose sheets to monoclonal anti-
body (the details of the production of monoclonal antibodies
to HCMV Towne virion proteins will be published else-
where) and then staining them with horseradish peroxidase-
conjugated immunoglobulin G (IgG), 4-chloronapthol, and
H202, as described by Hawkes et al. (7). A blue color
reaction indicated the presence of antigen.
Immunoprecipitation of CMV proteins. Mock- or HCMV-
infected cells were labeled for 20 h at 72 h postinfection with
[35S]methionine, [3H]glucosamine, or [32P]orthophosphate
as described by Mar et al. (11). Cells were harvested by
scraping, washed three times with Tris-buffered saline, and
solubilized with RIPA buffer (0.05 M Tris hydrochloride,
0.15 M NaCl, 0.1% SDS, 1% sodium deoxycholate, 1%
Triton X-100, 0.1 mM phenylmethyl sulfonyl fluoride) for 30
min on ice. The lysate was sonified and centrifuged in a
microcentrifuge for 15 min. One-half milliliter of supernatant
was mixed with 10 pu1 of ascites fluid from hybridoma clone
185E, 132-5, H-644, or H176 and with 100 p.l of anti-mouse
IgG (whole molecule)-agarose (Sigma Chemical Co.) and
gently agitated at 4°C overnight. The agarose beads were
collected by centrifugation, washed five times with 1 ml of
RIPA buffer, and suspended in 50 p.1 of sample buffer (0.37 M
Tris hydrochloride [pH 6.8], 15% glycerol, 5% ,3-mercap-
toethanol, 1.5% SDS) for polyacrylamide gel electrophore-
sis. After heating at 90°C for 5 min, the sample was cooled,
the beads were pelleted, and the supernatant proteins were
loaded onto a 9% polyacrylamide gel. Detection of [3H]glu-
cosamine and 35S-labeled proteins was done by fluorography
(1), and detection of 32P-labeled proteins was done by direct
exposure of gels to X-ray film, enhanced by a Cronex
Lightning-Plus intensifying screen.
RESULTS
Physical map of HCMV Towne strain. Each recombinant
plasmid was nick translated and hybridized to blotted re-
striction fragments of total viral DNA. The results of these
experiments were compared with data obtained by cross-
blot hybridization. In addition, restriction enzyme sites were
mapped on the recombinant plasmids. Physical maps of
strains Davis (3), AD169 (18), and Towne (LaFemina and
Hayward, personal communication) are similar to the ones
shown in Fig. 1, but the regions at each end and near the L-S
junction vary. These points of variability between the maps
of high- and low-passage Towne strain are indicated by
asterisks.
Mapping regions of transcription on the genome of HCMV.
Hybridization of 32P-labeled RNA isolated from cells at any
time between 14 and 96 h after infection with filters contain-
ing restriction enzyme fragments of HCMV DNA yields a
complex pattern (Fig. 3), indicating that many regions are
being transcribed (22). We focused on the sites of abundant
transcription at the late stage of infection as shown by the
intensity of the hybridization of labeled RNA with blotted
DNA fragments (Fig. 3 and Table 1) and by the reverse
method, hybridization of nick-translated DNA fragments
with RNA immobilized on nitrocellulose filters (Fig. 4). In
Fig. 4, the hybridized filters were developed after short
J. VIROL.
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FIG. 5. Physical map of plasmid pHD7. An agarose gel (left) carrying restriction enzyme fragments of plasmid pHD7 was blotted onto
nitrocellulose paper which was hybridized with 32P-labeled RNA isolated from cells 60 h after infection with HCMV (right). Lanes: a, X DNA
digested with Hindlll; b, undigested plasmid pHD7; c, pHD7 digested with EcoRI and BamHI; d, pHD7 digested with EcoRI and BglII; and e,
pHD7 digested with EcoRl, BamHI, and BgIll. (B) A map of plasmid pHD7 indicating the orientation of pBR322 (4.4 kb) and sites for EcoRi
(R), BamHI (B), BglII (G), and Hinfl (H). The orientation shown is the orientation offragment EcoRI-G on the map shown in Fig. 1, and the
transcription of 1.9 kb RNA is from left to right. The Hinfl sites have been mapped by DNA sequencing experiments (data not shown). Only
the terminal Hinfl sites are indicated on the 2.9-kb BglII fragment.
exposure, to show only the most intense labeling. Two
distinct regions of transcription located by these experi-
ments are indicated below the EcoRI restriction map (Fig.
1), one of these near the L-S junction and the other at the
middle of the L-unique region. Much of the complex pattern
of hybridization ofRNA with EcoRI digestion fragments can
be attributed to the multiple L-S junction and L-repeat
fragments which are distributed throughout the size range
(LaFemina and Hayward, personal communication) and
which hybridize to an abundant 1.1-kb RNA (Fig. 4 and
Table 1). This transcription region is represented at least
twice in every virus molecule, at the L-S junction and at the
L terminus. At longer exposure, probably all restriction
fragments of HCMV hybridizes with 32P-labeled RNA isolat-
ed from cells late in infection.
A comparison of the abundance of these two major
transcripts with others was performed by hybridizing 32p_
labeled RNA in solution with filters containing recombinant
plasmid DNA (Table 1).
The results are comparable with those previously deter-
mined for total viral DNA blots, although neither experiment
is corrected to molarity by estimating the sizes of the RNA.
Fragment G carried by plasmid pHD7 was labeled 15-fold
more intensely than fragments V or 0, and fragment M,
which carries part of the L-repeat DNA, was ninefold more
radioactive than fragment V. As demonstrated in Fig. 4, the
RNA hybridizing to fragment G is a late transcript of 1.9 kb.
This RNA was not present in cells treated with cyclohexi-
mide or phosphonoacetic acid after virus infection.
Isolation of one region of transcription. The most intensely
labeled fragment, EcoRI-G carried by plasmid pHD7, was
fragmented by enzyme BglII into four portions, one of which
hybridized to RNA isolated from infected cells (Fig. 5). This
2.9-kb BglII fragment is the only transcribed region we have
detected in the original 11.7-kb EcoRI fragment. This obser-
vation was confirmed by electron microscope observation of
R-loops, which show a single uninterrupted region of hybrid-
ization (L. Loh and E.-S. Huang, unpublished data). The
2.9-kb BglII fragment was subcloned into the BamHI site of
bacteriophage M13mp7, and the fragment which was re-
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leased after EcoRI digestion of the replicative-form DNA of
the recombinant M13-713 was recombined into the EcoRI
site of plasmid pSV-OH (Fig. 2).
Plasmids resulting from the recombination between M13-
713 and plasmid pSV-OH were divided into two groups,
based on digestion patterns with enzyme Hinfl. Plasmid
pHD713SV1 carries the inserted region in the orientation
opposite to that in plasmid pHD713SV2 (Fig. 2).
Expression of the 67K protein in tissue culture cells. Cul-
tures of HEL cells and COS-1 cells were treated with
plasmid DNA as described above, and protein was extracted
and applied to acrylamide gels as described. Electroblotted
protein was reacted with monoclonal antibody prepared in
this laboratory specific for a 67,000-molecular-weight (67K)
protein of HCMV. A photograph of the stained nitrocellu-
lose paper is shown in Fig. 6. The 67K protein was produced
in COS-1 cells carrying pHD713SV2 DNA but not in cells
carrying pHD713SV1 DNA. The orientation of the transcrip-
tion of the 67K protein sequence in plasmid pHD713SV2 is
downstream from the major early promoter of SV40. In
plasmid pHD713SV1, this orientation is reversed.
Characterization of the 67K protein in infected cells. WI-38
cells infected with HCMV were labeled with [3H]glucos-
amine, [35S]methionine, or [32P]orthophosphate 72 h after
infection. After extraction of total protein, the 67K protein
was immunoprecipitated with monoclonal antibody, and the
protein was analyzed by gel electrophoresis. The gel was
exposed to X-ray film (Fig. 7). The 67K protein was not
labeled by [3H]glucosamine, but it was labeled by 32P and
35s.
DISCUSSION
The 67K protein is a structural protein of HCMV, in fact,
one of the major proteins found in isolated virions (Fig. 6 and
cells were treated with the plasmid DNA indicated or infected with
HCMV. Protein was extracted from the cultures and from isolated
virions, isolated as previously described (8), applied to acrylamide
gels, and separated by electrophoresis. Electroblotted protein was













FIG. 7. Immunoprecipitation of polypeptides of HCMV-infected
cells labeled with [35S]methionine, [3H]glucosamine, or [32P]ortho-
phosphate by a monoclonal antibody. The immunoprecipitates were
subjected to SDS-polyacrglamide gel electrophoresis as described in
the text. Lanes 1, 6, and 9 contain host cell proteins labeled with
[35S]methionine, [32P]orthophosphate, and [3H]glucosamine, re-
spectively. Lanes 2, 5, and 8 contain infected cell proteins labeled
with [35S]-methionine, [32P]orthophosphate, and [3H]glucosamine,
respectively. Lanes 3, 4, and 7 contain labeled polypeptides precip-
itated from HCMV-infected cell extracts by monoclonal antibody.
No detectable [3H]glucosamine-labeled protein was precipitated
(lane 7), although a 67K protein was precipitated from 35S- and 32p-
labeled cultures.
7). The monoclonal antibody which reacts with the 67K
protein does not neutralize virus infectivity, indicating that
the protein may be internal. It probably corresponds to the
66K phosphorylated protein described by Gibson (4), a
tegument protein which interfaces the capsid and the mem-
brane of the virus. A 64K glycoprotein recently described by
Clark et al. (2) is unrelated to the 67K phosphoprotein (Fig.
7). The monoclonal antibody preparation which precipitates
the 67K protein fails to precipitate a labeled protein from
infected cell proteins labeled with [3H]glucosamine. The
gene for the 64K glycoprotein of Clark et al. is carried by
fragment EcoRI-A (H. Pande, S. Baak, J. A. Zaia, B. R.
Clark, J. E. Shively, and A. D. Riggs, Eighth International
Herpesvirus Workshop, Oxford, abstr. no. 272, 1983).
The RNA transcripts that we describe have also been
identified by Wathen and Stinski (22). We do not detect the
larger RNAs that they describe, but the smaller species at
1.9 and 1.2 kb correspond to the map locations that we
report for 1.9- and 1.1-kb RNA.
The intense transcription of L-repeat regions was also
found in cells infected with strain Ad169 of CMV (13). The
1.9-kb transcript we describe probably corresponds to RNA
peroxidase-conjugated IgG, 4-chloronaphthol, and H202. Only
COS-1 cells carrying DNA of plasmid pHD713SV2 had detectable
amounts of a 67K protein.
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hybridizing to EcoRI-I of Ad169, although it is not character-
ized as the most abundant transcript from analysis of cyto-
plasmic, polyadenylated RNA. McDonough and Spector
(13) describe strain differences in the pattern of transcription
in CMV-infected cells. Spector et al. (18) also have mapped a
3-kb BglII fragment (BglII-X) in EcoRI-I, flanked by a 0.78-
kb fragment (BglII-f). The orientation of these fragments has
been determined by DNA sequencing and cross-hybridiza-
tion of internal fragments in this laboratory (Fig. 5). The L
segment of HCMV in maps of Ad169 is inverted relative to
the orientation illustrated in Fig. 1. It appears that the region
near 0.4 map units is the same between these strains; indeed,
it is likely that most of the genomes of cytomegalovirus
strains are genetically colinear (23). Variations are clustered
at the repeat termini, and these are probably responsible for
nonhomologous sequences between strains (15).
We have not determined whether the 2.9-kb BglII frag-
ment carries a functional promoter, since cells expressed the
67K protein only when transfected with recombinant plas-
mid DNA of pHD713SV2 which carries HCMV DNA down-
stream from an early promoter of SV40, and only COS-1
cells expressed the protein at a detectable level. Expression
of the 67K protein was not detected in human embryonic
lung cells transfected with either pHD713SV1 or
pHD713SV2 DNAs. If a viral promoter is located on the
BglII fragment, it does not promote the expression of the
67K protein when dissected from the total HCMV viral
DNA. Evidently, an early or immediate early viral function
is required for expression of the 67K protein. We can
investigate this requirement by measuring protein expres-
sion in cells after transfer of pHD713SV1 DNA in combina-
tion with other recombinant plasmids or after microinjection
of HCMV macromolecules.
We identified a putative promoter on the BglII fragment
by DNA sequence analysis of the DNA insertion of M13-713
bacteriophage. The 5' end of the RNA is located 300 bp from
one BglII site, and no intervening sequences were detected.
The DNA sequence 5' to the site of RNA initiation is
abruptly different from the surrounding sequence. Five
hundred base pairs from the initiation site, the G+C content
of the DNA is 66%. In contrast, the 230 bp before the
initiation site contain 29% G+C. The entire coding region
including 700 bp downstream is 50% G+C, and the most
distant sequence that has been determined, 700 to 900 bp
after the polyadenylation signal, is 66% G+C. A definite
gene structure is evident from this analysis (M. G. Davis and
E.-S. Huang, manuscript in preparation).
The entire sequence consists of surrounding viral DNA of
high G+C content, abruptly interrupted by an extended
A+T-rich region, followed by an information sequence that
contains maximum nucleotide variability. We plan similar
analyses of other coding regions of human cytomegalovirus
to determine the function of these regions, their distribution,
and their controlling elements. Analysis of similar coding
regions of other herpesviruses, identified by cross-hybridiza-
tion of the CMV coding region and restriction fragments of
herpesvirus DNA, may indicate similar functions in other
members of the virus group.
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